Innovation/Impact: We believe that this study is innovative since it characterizes and quantifies the distal fall off of proton therapy beams. This is the most important attribute of a proton therapy beam, as it allows for the optimal dose distribution. It has been suggested that range verification determined in this fashion can be utilized clinically 1 .
Methods and Materials:
A phantom made of polymethylmthacrylate (PMMA) was irradiated with a proton therapy beam at the Hampton University Proton Therapy Institute (HUPTI, IBA). The irradiation volume is approximated by a right circular cylinder of diameter 7.6cm and varying length. The phantom dimensions were 30x30x10cm. Figure 1 shows the irradiation geometry. After irradiation, scanning commenced in less than 10 minutes via a Philips Big Bore Gemini c PET-CT. The DICOM images were imported to Varian Eclipse Treatment Planning System (TPS) for analysis. In addition, the images were analyzed using ImageJ c . The pixel dimensions were 2x2mm and the slice thickness was 2mm resulting in a voxel size of 2x2x2mm 3 . There were two types of proton beam scans: Pristine mono-energetic and Spread Out Bragg Peak(SOBP). The SOBP was achieved via range modulation and passive uniform scanning 2 .For both pristine and SOBP beams, there were three different ranges: 13.5, 17.0 and 21.0cm. For pristine beams, these ranges corresponded to energies of 110.50, 140.43 and 161.20 MeV respectively. The slopes of the different plots were determined by fitting a linear curve to the data from the 20% to 80% values. The goodness of the fit was determined via an R 2 (Pierson Product) least squares fit.
Results:
Proximal Rise: Figure 2 shows the activation in the PMMA phantom of both the proximal rise and distal fall of the PMMA phantom activity for 13.5cm range. As can be seen in this plot, the slopes of the proximal rise in the two curves are similar. The average proximal rise slope for all three curves is -0.735 (average PMMA PET pixel intensity/slice number) ± 0.091 (standard deviation) and -1.149 ± 0.117 for the pristine and SOBP beams respectively. Distal Fall: The distal fall off of the beams can also be seen in Figure 2 . The two curves are dissimilar with the pristine data showing a significantly sharper fall off. The slope of the SOBP curve was 0.2322(average PMMA PET pixel intensity/slice no.) with an R 2 = 0.9303. The slope of the pristine curve was greater than a factor of 4 more steep and significantly more linear: 1.0210(average PMMA PET pixel intensity/slice no.), R 2 = 0.9968. Dose Comparison: Figure 3 shows a comparison of a Monte Carlo dose calculation 3 vs. measurement for the 13.5cm pristine beam.
Discussion: The slopes of the distal fall off of both the pristine and SOBP proton beams are displayed in Table 1 . As can be seen here, the pristine peaks have significantly higher slopes, and are substantially more linear (higher R 2 ). The higher R 2 of the pristine curves allows for a more meaningful comparison of the different ranges. Figure 4 shows the distal slope plotted as a function of range. As can be seen, the lower values have more sharp fall offs. It is thought that the shorter ranges leads to less scattering which results in steeper slopes for the lower ranges.
Conclusion:
The distal fall off of the pristine beams was substantially more steep and linear than the SOBP. This has implications for how these data can be used clinically. 
